INTRODUCTION
Valerian (Valeriana officinalis L) native to Europe and Asia is an important medicinal plant which, due to its mild sedative action is widely used in traditional medicine [1] . The roots and rhizomes of Valeriana contain the components of the volatile oil, including sesquiterpenoid derivatives (valerenic acid) and Valepotriates (iridoids) [2] . Although the identity of the active components responsible for the beneficial health effects in valerian is still fully uncertain in recent findings the main pharmacological effects have been attributed to the valerenic acid and its derivatives, including acetoxyvalerenic acid and hydroxyvalerenic acid [3, 4] .
The development of genetically transformed plant tissue cultures and mainly of roots transformed by Agrobacterium rhizogenes (hairy roots) is a key step in the use of in vitro cultures for the production of secondary metabolites [5] . Hairy roots are characterized by fast growth, biosynthetic stability and growth in hormone-free medium [6] . The greatest advantage of hairy roots is that their cultures often exhibit approximately the same or greater biosynthetic capacity for secondary metabolite production as compared to their mother plants. Increase in valepotriates content in hairy roots of some Valeriana species has been reported [7, 8] .
Medicinal plants have been widely explored for hairy root culture and their bioactive principles [9] . Elicitors are compounds which, when added in small concentrations to a living cell culture, induce the biosynthesis of specific secondary metabolites [10] and has been successfully used to induce and enhance accumulation of secondary metabolites in many plant species [11] [12] [13] . It is known that jasmonic acid along with Ca 2+ play important role in the regulation of signaling network in the response to pathogen attacks [14] . Moreover, the addition of exogenous calcium or jasmonic acid can also simulate pathogen-induced plant defense responses. Successful induction of valepotriate has been reported in adventitious roots of Valeriana amurensis by biotic and abiotic elicitors [15] . The effect of elicitors depends on several parameters such as elicitor concentration, age of culture at the time of elicitation, cell line and duration of elicitor exposure. With references to the role of valerenic acid as important chemical factor responsible for the sedative effect in human [16] in the present study we made an effort to establish a hairy root culture for largescale production of valerenic acid in Valeriana officinalis L using Ca 2+ and Mg 2+ salts as abiotic elicitors with different concentrations at time periods of 3 and 7 days.
EXPERIMENTAL Chemicals and plant material
MS medium was purchased from Duchefa (The Netherlands); Magnesium sulfate and Calcium chloride from Sigma-Aldrich. Valerenic acid standard was from Merck. The seeds of V. officinalis were provided by Mr. Moddares, CEO of a seed company, in Isfahan Province, Iran in late August 2011.
Establishment and molecular confirmation of hairy roots
Hairy roots with more than four lateral branches were obtained after transformation with strain 'A13' of A. rhizogenes. Maintenance conditions of hairy roots and their induction have been explained in a previous study [17] . The extraction of DNA from both hairy roots and untransformed roots (control) was carried out using the CTAB method [4] . Then PCR analysis used for confirming the transgenic nature of the roots corresponding gene-specific primer pairs. The primer sequences 5ʹ-TTAGGCTTCTTTCTTCA GGTTTACTGCAGC--3ʹ and 5ʹ-TGGATCCCAAA TTGCTATTCCTTCCACGA-3ʹ were designed based on a 780-bp portion of the rolB genes. The primers 5ʹ-ATGCCCGATCGAGCTCAAGT-3ʹ and 5ʹ-CCTGACCCAAACATCTCGGCTGCCCA-3ʹ were designed also based on the virD gene from the not-transferred virulence region of the A. rhizogenes Ri plasmid. PCR reaction profiles involved: initial denaturation at 94 °C for 5 min, 35 cycles of denaturation at 94 °C for 1 min, annealing at 58 °C for 1 min, extension at 72 °C for 1 min , a final extension at 72 °C for 10 min. The amplified DNAs were analysed on 0.8 % w/v agarose -ethidium bromide gels, applying a constant voltage of 80 V for 90 min.
Elicitation
The study of the effectiveness of two abiotic elicitors was carried out with magnesium and calcium at various levels; 2-, 4-and 6-fold of their concentrations in the normal MS medium, (MgSO 4 = 740 mg/g, CaCl 2 = 880 mg/g), (MgSO 4 = 1480 mg/g, CaCl 2 = 1760 mg/g) and (MgSO 4 = 2220 mg/g, CaCl 2 = 2640 mg/g), respectively. For elicitation, 28-day old hairy root cultures were transferred to prepared elicitation media at two time periods of 3 and 7 days. All treatments were done in triplicate. After elicitation, the hairy roots were harvested and placed in a fresh liquid MS basal medium as done for untreated roots. All cultures were inoculated in the dark at 25 °C in 25 ml medium in 100 ml flasks and sub-cultured every two weeks in order to obtain sufficient biomass for valerenic acid analysis.
Measurement of hairy root growth
Hairy roots were harvested from the culture media by filtration and measured in terms of growth (fresh and dry weight) as follows; fresh weight of samples were determined after drying by a hair dryer, then they were lyophilized and analyzed for dry weight. The results were represented by the mean ± standard error (SE).
Extraction of valerenic acid
Valerenic acid was extracted from lyophilized and powdered roots (approx. 0.2 g) thrice with 5 ml of 70 % MeOH using sonication for 10 min and then the filterate was diluted to 15 ml with MeOH and mixed. All samples were filtered through a Millex-LH filter with 0.45 µm pore size (Millipore, Bedford, MA, USA) for reverse-phase high-performance liquid chromatography (HPLC) analysis as described in previous studies [18] .
Valerenic acid quantification
HPLC was performed on the Knauer instrument (Germany) with a Spectra UV-K 2501 detector. The optimum HPLC condition for separation was a 0.5 % phosphoric acid: methanol mixture (27:73) as mobile phase by a flow rate of 1.5 ml/min and a Nucleosil column 100 (C18; 250 × 3 mm) with a pre-column (25 × 4.6 mm, particle size 5 µm). Detection wavelength was used at 225 nm and the injection volume was 10 µl. Standard solution was prepared by dissolving valerenic acid in methanol to obtain solutions with different concentrations in the range of 0.01562 -1 µg/ml. The calibration curves were established based on measuring their respective peak areas.
Statistical analysis
Data for root weight were set up in a completely randomized design (CRD) with three replicates per treatment. Variation within the elicitors were evaluated and analyzed by one way ANOVA test using SPSS (version 16). Significance level for comparison of mean differences was p < 0.05.
RESULTS

Establishment of hairy root cultures
Hairy root cultures of V. officinalis were initiated by inoculation of root, hypocotyl and leaf explants with strain 'A13' of A. rhizogenes. These roots exhibited characteristics typical of transformed roots, that is, extensive lateral branch, rapid growth and lack of geotropism (Fig. 1) .
Whereas no adventitious roots formed from the control explants. Leaf explants were highly susceptible to infection by strain 'A13' of A. rhizogenes, as shown by the high percentage (93 %) of hairy roots that emerged. In contrast, hypocotyl explants exhibited the lowest infection frequency (63 %) (data not shown). Also there was a variation in the site of emergence and in the number of hairy roots per explants (Fig. 2) . 
Each value represents mean ± SE of samples
Detection of relevant transgenes in the hairy root In this study, the presence of rolB gene in the hairy root lines was confirmed by PCR analysis (Fig 3A) using specific primers of the rolB gene.
To diagnose the presence of any remaining agrobacteria in the roots was used from the virD gene, located outside the T-DNA (Fig 3B) .
Effect of elicitors on hairy root growth
The effect of Ca 2+ and Mg 2+ salts on the growth of hairy roots culture of V. officinalis was evaluated by measurement of the fresh and dry weight of the roots 3 and 7 days after treatment ( Table 1 ). The results showed that different concentrations of the metal ions at time periods of exposure 3 and 7 days did not significantly affect the growth of hairy roots.
Effect of elicitors on valerenic acid accumulation
The effect of abiotic elicitors on the accumulation level of valerenic acid was then examined. HPLC analysis demonstrated that the addition of these metal ions led to significant increases of valerenic acid contents at all concentrations (except at the concentration of 880 mgl -1 of the calcium) as compared to control culture (Fig 4) . In particular, the highest concentration (6-fold) of calcium at exposure time of 7 days (Fig 4A) was shown to induce the highest amount of valerenic acid (1.83 ± 0.06 mg/g DW). Moreover, the treatment of V. officinalis hairy roots with the highest concentration (6-fold) of magnesium at exposure time of 7 days resulted in the accumulation of valerenic acid at 1.11 ± 0.03 mg/g DW (Fig 4B) . These levels of valerenic acid were 7.9 and 4.2-fold higher than that of nonelicited control (0.23 ± 0.01 mg/g DW), respectively. In contrast, the treatment with calcium only slightly decreased the amount of valerenic acid (0.21 ± 0.03 mg/g DW) at the concentration of 880 mg/g at exposure time of 3 days (Fig 4A) . 
DISCUSSION
The results indicate that wild type strain of A. rhizogenes used in this study was able to impressively induce hairy roots on explants that can be used for mass production of hairy roots in V. officinalis. Successful production of hairy roots via wild type strain 'A13' of A. rhizogenes has also been reported for several medicinal plant species by other workers [17, 19] . PCR method can be used simply for detecting T-DNA sequences [17] . In the selected transgenic hairy root lines, a sharp band of 780-bp was amplified, but no such amplification was observed in the untransformed root (negative control) sample. This result indicated that V. officinalis is susceptible for transformation with Agrobacterium rhizogenes strain 'A13'. The rolB gene is absolutely essential for induction of hairy roots, even when to express alone [20] . The virD gene, located outside the T-DNA, is diagnostic for the presence of any remaining agrobacteria in the root tissue. The negative results of PCR amplification for the virD gene demonstrated that no bacterial DNA was involved in rolB amplification leading to false positives (Fig 3B) . This result indicates that V. officinalis is susceptible for transformation with A. rhizogenes strain 'A13' and explants respond quite efficiently to transformation by A. rhizogenes.
After elicitation, the hairy roots were transferred to the fresh liquid MS medium. Then the effect of Ca 2+ and Mg 2+ salts on the growth of V. officinalis hairy roots was evaluated by measurement of the fresh and dry weight of the roots 8 weeks after culture in 250 ml flask. The results obtained are in agreement with earlier reports [15] . The age of the subculture plays an important role in the production of bioactive compounds by elicitation. Elicitation has opened up a new area of research. Among numerous strategies for increasing of accumulation of secondary metabolites from plant cell cultures. A few studies focused on the production enhancement of valerenic acid in in vitro cell cultures of some species of Valeriana using plant growth regulators and elicitors [8, 15, 21] , but to our knowledge, there are no publications about elicitation of valerenic acid from V. officinalis hairy roots. In this study, this approach was used for the first time to enhance the yield of valerenic acid using four different concentrations of calcium and magnesium salts at time periods of exposure 3 and 7 days. It has been reported that tanshinone production in Salvia miltiarrhiza hairy roots induced by Ag + treatment [22] . Also elicitation of Linum album cell suspension culture with some abiotic elicitors such as Ag + , Pb 2+ and Cd 2+ , only silver enhanced the content of podophyllotoxin in the contact period of 48 h [23] . Elicitation may activate multiple genes responsible for plant defensive responses, leading to enhancement of secondary metabolite production. Induced plant defensive responses involve a network of signal transduction triggered via the recognition of elicitor molecules by specific plant receptors [14] . Root cultures of Beta vulgaris L when exposed with high concentrations of Ca 2+ and Mg 2+ (2-to 6-fold of that present in the MS basal medium) led to enhancement of peroxidase [24] . These findings indicate that the optimal concentrations of Ca and Mg 2+ could be attributed to their reported roles as both nutrient and secondary signaling molecules in the responses that follow elicitation [10, 25] . It is known that calcium plays important role in the regulation of signaling network in response to pathogen attacks, and its exogenous addition to plant cell or intact plants led to biosynthesis of a wide range of plant secondary metabolites [14, 26] . In the present study, valerenic acid, as an important metabolite in biosynthesis of valepotriates was accumulated in hairy root cultures by Ca 2+ and Mg 2+ ions. Therefore, hairy root lines obtained in this study can be the desirable organs for biosynthesis/accumulation of this metabolite.
CONCLUSION
It has been shown that Ca 2+ and Mg 2+ salts, as abiotic elicitors, significantly enhance valerenic acid production in V. officinalis hairy roots. With regards to easy access to abiotic elicitors, in particular, ions are more effective for large-scale production of the desired compounds, compared with biotic elicitors that need several processing steps. The high concentrations of Ca 2+ and Mg
2+
are essential requirements for valerenic acid production in hairy root cultures of V. officinalis.
